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Abstract:  Alkylation of [5-keto phosphonates is performed by teatment of 15-keto 
phosphonates with n-BuLi, followed by addition of alkyl halides. The acquired c~- 
fully substituted 13-keto phosphonates are dephosphonylated by treatment of the 
lithium enolates with LiAIH4, followed by quenching with aqueous H2SO4 solution. 
This whole procedure represents a new route to regioselective alkylation of ketones. 
© 1997 Elsevier Science Ltd. 

I]-Keto phosphonates 1 involve a phosphonate group as a regiocontrol element for the alkylation, such 

as [~-keto esters 2 and [~-keto sulfones 3 which are synthetically useful intermediates for preparation of 

regioselective (x-substituted ketones by (x-alkylation with subsequent defunctionalization. In contrast to the 

significant number of applications of 13-keto esters and I]-keto sulfones in this manner, the method using I]- 

keto phosphonates has not been studied yet, due to the fact that dephosphonylation 4 of 15-keto phosphonate 

is less known. 

We reported recently, if the dephosphonylation of 13-keto phosphonates bearing a hydrogen at the ct- 

position is performed by succesive treatment with n-BuLi and LiAlI-h, then the corresponding ketones are 

obtained in good yields. In these cases, at least one hydrogen atom at the ~x-posidon of I~-keto phosphonates 

was left unsubstituted for the enolate formation. The results suggested that reductive dephosphonylation 

with LiAlI-h could occur via metal enolate of I~-keto phosphonate. 5 

It was assumed that the c~,c~-disubstituted [~-keto phosphonates I under similar conditions as described 

Li 
O 

O ~  0 " . ~  ~'~"O 1) LiAIH4, rt. I R ~ R 2  (EtO)2 R 2 n-BuLl , ,~ [ , . .  
2) H30 + IR. 17,3 THF iEtO)2 R' 

I R" R 3 R 3 

I II III 

Scheme 1 

4567 



4568 

above would provide the correspoding dephosphonylated ketones I I l  via metal enolates II (Scheme 1). If 

successful, this approach would be well suited to the synthesis of ketones of the type I l l  from the a,a- 

disubstituted 13-keto phosphonates I by LiA1H4-mediated reduction of presumed metal enolates II  which in 

turn could be generated by treatment of I with n-BuLi. 

First, we attempted alkylation of I~-keto phosphonates 6 at the a-position for preparation of  a-fully 

substituted 13-keto phosphonates. 7 The reaction of sodium enolates of 13-keto phosphonates with excessive 

alkyl halides at room temperature for 2-5 hours gave the corresponding a-fully substituted ~-keto 

phosphonates in good yields without side products as shown in Table 1. Cyclic [3-keto phosphonates 

required longer reaction time than acyclic ones. Use of excessive alkyl halides brought about short reaction 

time and yield-up, which are advantagements in comparison with but two literature examples s reported until 

now to our knowledge. 

The acquired a-fully substituted 13-keto phosphonates were dephosphonylated in the following 

manner9: n-BuLi was employded as a base, and the reaction of lithium enolates with LiAIH4 at room 

temperature for 0.5-1 hours and then quenching with 5 N H2SO4 aqueous solution gave the corresponding 

Table 1. Alkylation and Dephosphonylation of  Substituted 13-Keto Phosphonates 

0 0 0 0 0 
. " / \  II 2 2)1) LiAIH4,n-BuLi rt I R " ~  R2 " II R2 1) Nail, THF (EtO)2P~,,~,,,,~ R 

( E t O ) 2 P . ~ , , , j  2) R3Br, rt 

R 1 3) H3 O+ II( R 3 3) H3 O+ R 3 

I IlI 

entry R I R 2 R 3 products I products HI 
time(hr) yielda'b(%) yielda'b(%) 

53 
1 - (CH2) 2- cinnamyl 4 84 62 c 

46 
2 - (CH2) 3- cinnamyl 4 74 

72 c 

58 
3 - (CH2) 3- allyl 5 67 66 c 

4 - CH2CHCH2- cinnamyl 5 72 88 
CH3 

5 Me Et crotyl 2 81 73 c 

6 Me Et cinnamyl 2 87 71 

7 Me H crotyl 3 80 84 

8 Me H cinnamyl 3 71 74 

9 cinnamyl Me cinnamyl 3 74 77 

aYield of isolated, purified products, bSolvent was evaporated below 0°C. ¢LDA was used 
instead of n-BuLi as a base. 
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ketones in good yields along with a small amour of the corresponding alcohols resulting from overreduction 

as side products (Table 1). In some cases, improvement in yields was realized by the use of LDA instead of 

n-BuLi as a base. 

To gain insight about the mechanism of dephosphonylation, we carried out the following reactions. 

When the reaction of lithium enolate of [3-keto phosphonate with LiAID4 was followed by quenching with 

dilute H2SO4, product was the ketone containing no deuterium. In the case of using LiAIH4 and deuterated 

acid, the reaction afforded the ketone 10 containing two deuteriums as shown in Scheme 2. These results 

suggest that the cleavage of the P-C bond is not caused by direct attack of hydride on the or-carbon atom 

linked with phosphorus atom or the y-carbon atom as a SN2' type reaction, and a possibility that acid might 

play a significant role in dephosphonylation. ~ 1 

O 
1) LiAID4, rt, p h . . ~ . A ~ /  

F l / 2) H3o+ ? o o'Li'o 
n-BuLl • Et 
-78°C 

O 
Ph Ph L _j \ 1) LiAII-14, n. p h ~ ~ % ~ . /  

2) D30 + ~ h  
f i l l  

Scheme 2 

In conclusion, we have described the novel method for the preparation of regioselectively alkylatod 

ketones. The whole procedure represents the use of I~-keto phosphonates as precursors to regioselectively 

alkylated ketones. Further studies on the mechanism and dephosphonylation of other [3-carbonyl 

phosphonates are in progress. 
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O 

5 N CH3COOD/D20 no exchange reaction 
Ph rt, lhr observed 

11. In quenching, use of more dilute H2SO4 aqueous solution brought about reduced yields. This result 

gives a little support for the possibility that acid might play a significant role in P-C bond cleavage. 
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